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ROCK WEATHERING CLASSIFICATION 
OF EXCAVATION SLOPES 


J. D. Welch, J. M. ASCE! 


SYNOPSIS 


The design of excavation backslopes in rock for the West Virginia Turn- 
pike necessitated the classification of rock materials, sandstones and shales, 
with regard to weathering susceptibility. The A.S.T.M. - A.A.S.H.O. Standard 
test for magnesium sulfate soundness of rock was applied to this study, and 
qualitatively calibrated to existing natural weathering conditions of exposed 
rock. The empirical investigation resulted in a laboratory method to deter- 
mine whether a rock material would be below average or above average 
weathering susceptibility. The results of the laboratory procedure were then 
employed in the design for all excavation slopes in rock. 


INTRODUCTION 


The history of construction in West Virginia contains numerable examples 
of landslides and rockfalls. This problem confronted those who were to plan 
and design the West Virginia Turnpike. The overall problem was further 
complicated by the necessary requirements for extreme safety and low main- 
tenance contiguous to a revenue bond financed project, paid for by tolls. It 
was necessary to evaluate the physical properties of rock materials to be en- 
countered in excavation backslopes such that they could be designed and con- 
structed to achieve one phase of these safety and maintenance requirements, 
within reasonable economic latitudes. 

The terrain through which the initial part of the turnpike is to pass, geo- 
logically consists of interbedded sandstones and shales of all degrees of hard- 
ness, and extreme variation in thickness of strata. Coal deposits are liberally 
distributed throughout this region. These sedimentary deposits are of the 
Maunch Chunk, Pottsville, Allegheny, Conemaugh and Monongahela Series. 

The highly irregular terrain was formed by erosion of the Appalachian 
Plateau, resulting essentially in horizontal bedding of the sedimentary rocks 
and a relatively shallow overburden of residual soils, with alluvial deposits 
in older stream and river valleys. The landslide or slope failure associated 
with deep soil deposits, or rock slides associated with tilted bedding were not 
a problem to be considered in establishing the design criteria. This does not 
mean that deep slides or rock falls were not encountered on the project, some 
located prior to construction and some during construction. These latter 
were of such character that they necessitated individual studies for solution 
and treatment. However, rockfalls and surface sloughing resulting from 
weathering of rock slopes were a problem requiring consideration in original 
overall slope design. The method of rock weathering classification for design 
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of the rock slopes and how this classification was devised is then the general 
subject of this paper. It should be noted that for the purpose of this study, 
deposits of shales were considered as a rock formation. 


Rock Slope Design Standards 


The experience of the West Virginia State Road Commission? with back- 
slopes in rock cut sections indicated that the sandstones and shales were each 
subject to extreme ranges of weathering action, dependent upon the particular 
deposit, but with time would eventually assume a stabilized condition if the 
weathered material remained upon the slope. The method of solution of the 
problem, from an economic standpoint, was not to excavate the rock face toa 
flat slope that was considered to be the ultimate stable slope. Any such ex- 
cavation still exposed fresh rock surfaces to atmospheric conditions and 
some degree of weathering action would take place. A method was to be em- 
ployed that accounted for this weathering action and still provided an overall 
stable slope. 

This consideration resulted in designing the rock excavation with a series 
of slopes and intermediate benches that were superimposed on an overall 
slope considered to be equivalent to the ultimate stabilized slope after weath- 
ering. The relation between the slopes connecting the benches, vertical 
height between benches and width of benches were designed for initial struc- 
tural stability as well as performing a proper function during weathering. 
The benches provide a check for weathered or spalled rock particles and pre- 
vent them from falling to the roadway ditch or the roadway itself, which could 
clog drainage systems or be a danger to traffic. 

The benching principle could resolve itself into many geometric standards 
dependent upon the materials to be excavated. If a few slopes were to be de- 
signed, or sufficient time available, it would be desirable to consider all pos- 
sible variations. However, in the interests of overall standardization for the 
eighty-eight mile West Virginia Turnpike, and to eliminate costly expenditure 
of time, a basic set of standard slope designs was established. These stand- 
ards considered the following variables: 

1) Material in the rock slope - sandstone or shale. 

2) Overall depth of rock cut. 

a) Sandstone - more or less than 25 feet. 

b) Shale - more or less than 20 feet. 

Fy é 3) Weathering susceptibility of the rock - above or below average. 

: Shale slopes equal to or less than ten (10) feet in vertical height and sand- 
stone slopes equal to or less than fifteen (15) feet in vertical height were de- 
signed for a standard slope without any benching. Intermediate slopes as- 
sumed the same superimposed slope with the individual dimensions propor- 
tionately reduced. The geometrics of the slope design for these variables 
were based on recommendations of the West Virginia Road Commission, and 
may be noted on Figure 1. 

The shale slopes were designed for a benching system that resulted in a 
superimposed slope of one horizontally to one vertically, with an excavated 
face slope of one horizontally to two vertically for a maximum height between 
benches of thirty (30) feet and a maximum width of bench of fifteen (15) feet, 
for all excavations deeper than twenty (20) feet. The sandstone slopes were 


+ 2. “The Design of the Slope of Highway Rock Excavations in West Virginia,” 
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designed for a benching system that resulted in a superimposed slope of es- 
sentially one horizontally to two vertically, with an excavated face slope of 
one horizontally to four vertically for a maximum height between benches of 
forth (40) feet and a maximum width of bench of fifteen (15) feet, for all ex- 
cavations deeper than twenty-five (25) feet. The controlling depth of excava- 
tion for these standards was the greatest depth for any given length of cut. 

The properties of the rock materials dictated that the shale slopes should 
be flatter than the sandstone slopes, for the former are generally more sus- 
ceptible to weathering as well as having a lower structural stability. Then 
each class of material and depth of excavation were further subdivided de- 
pendent upon the degree of weathering susceptibility, with a resulting modifi- 
cation of the dimensions of the first bench system above the ditch line. These 
modifications resulted in shifting the superimposed slope back and away from 
the ditch line for materials indicating above average weathering susceptibility. 
This allowed for a greater accumulation of weathered particles without in- 
creasing maintenance. A more weatherable rock does not necessarily indi- 
cate a reduction in structural strength, and it is therefore not economically 
justifiable to flatten the slopes in such material. 


Classification of Weatherability 


The overall dimensions of excavation are easily established by grade pro- 
file design applied to ground profile and cross-sections. The type of material 
to be excavated; soil, sandstone or shale, to be encountered is readily deter - 
mined by core drilling and supporting geophysical surveys. However, some 
method of evaluating the rock materials with regard to weathering suscepti- 
bility had to be devised to economically conform to the standards noted here- 
inbefore. The rock material itself may be classified by the cores obtained 
from the diamond core borings, however, these core samples were generally 
obtained below the zone of weathering and disclose no information in predict- 
ing their weathering susceptibility without some possible form of subsidiary 
testing. The tempo of the project eliminated the feasibility of extensive re- 
search to devise a test procedure completely suited to the problem, but the 
problem was of sufficient importance to eliminate reliance on visual classifi- 
cation and personal opinion of freshly drilled rock core samples to estimate 
the weathering susceptibility. The subsequent analytical studies supported 
this contention. 

The problem cauld have been qualitatively resolved by an extensive geologi- 
cal survey, on a statewide basis, wherein each stratum deposit within nine 
(9) groups of five (5) geological series would be classified as to weathering 
susceptibility by visual inspection of exposed natural or artificial outcrops. 
This was obviously an unsatisfactory method of attack because (1) the time 
and expense required for such a survey was prohibitive and (2) it would be 
difficult to account for time of exposure, regional variations of climatic con- 
ditions and effects of topography. 

A compromise solution was selected, embodying both qualitative and quan- 
titative aspects, that would produce adequate results with a minimum of time. 
Established methods of laboratory procedure were investigated, with a view 
to modification to allow for comparison to known weathered conditions of rock 
along the route of the turnpike. This would eliminate the variations of cli- 
matic and topographic conditions. The laboratory procedure selected was 
essentially the A.S.T.M. - A.A.S.H.O. Standard for the magnesium sulfate 
soundness test of aggregate and rock. This selection was made because of 
the simplicity of the procedure and the belief that the test closely approximated 
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accelerated climatic weathering. Abrasion type tests were considered but 
not selected for they only indicated the resistance of the material to physical 
impact.2 Freezing and thawing resistance was not selected because of the 
required extensive laboratory installations and the time of performance of 
this test. 


Establishment of the Test Procedure 


A representative sampling, both geological and topographical, of sandstone 
and shales was tested in accordance with the magnesium sulfate soundness 
test to establish a modified test procedure, and to determine applicability to 
all material types to be encountered. The established A.S.T.M. - A.A.S.H.O. 
standards of solution saturation, solution temperature, sample preparation 
and time of immersion were found to be applicable to the materials tested, 
and thus the modification of test procedure to be determined was the establish- 
ment of a standard number of cycles. Magnesium sulfate was used rather 
than sodium sulfate because the former more readily went into solution and 
was readily available commercially under its common name of Epsom Salts. 
These samples, obtained by diamond core drilling and, based on visual ex- 
amination, representing a wide range of properties, were weighed after each 
cycle of the test to determine the rate of weighted average weight loss. These 
results for eleven (11) shales and fifteen (15) sandstones are graphically rep- 
resented in Figure 2. As can be seen from this figure, two (2) cycles for 
shale and five (5) cycles for sandstone, for the samples tested, provided quan- 
titative results of a sufficiently wide range. For the shale samples tested, 
the percent of weight loss at two (2) cycles varied between 2% and 100% with 
an approximate average of 45%, and the loss for the sandstone tested at five 
(5) cycles varied between 0% and 100% with an approximate average of 30%. 
Figure 2 indicates that many materials tested by this method did not exhibit 

a uniform rate of weight loss. It was appreciated that this rate of loss, for 
some materials, appreciatively changed when the cycles were increased be- 
yond the standards indicated. However, it was not the intent of these studies 
to evaluate or compare the number of cycles of the test procedure to years of 
natural open exposure to weather. Neither was it intended that the rate of 
weight loss be correlated to a natural weathering weight loss per unit of area 
per unit of time. Such evaluations, if at all possible, could only be achieved 
through long term field investigations. Therefore, the selection of limiting 
standards for the number of test cycles was based on the apparent minimum 
that would provide a sufficient distribution of results on the overall average 
for the materials tested, assuming that these materials represented a reason- 
able sampling. 

The magnesium sulfate soundness test is performed on a sample of ap- 
proximately 500 grams, consisting of five (5) individual pieces weighing ap- 
proximately 100 grams each. An additional problem in establishing the modi- 
fied test procedure was the selection of a standard for determining what por- 
tion of the test samples constituted a weathering loss. Sandstones were gen- 
erally affected by the test procedure in surface etching and spalling, checking 
and splitting. Shale samples generally split along laminations, cracked, 
Slaked or disintegrated completely. The more resistant sandstones and the 
less resistant shales, and those materials that were affected by surface etch- 
ing or spalling presented little problem for the original sample fraction, if 
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any, was easily recognizable. The sandstones that were affected by large 
cubical splitting and shales that split along planes of lamination, however, re- 
quired extensive standard definition for selection of that portion representing 
weight loss. The definition of such weight loss resulted in any portion for a 
100 gram sample fraction from a massive deposit that had split into three or 
more pieces of approximately uniform volume was considered as a loss, but 
portions of each sample fraction that split along planes of lamination were 
only considered as a loss when they had a cross-sectional area less than two- 
thirds (2/3) of the original cross-sectional area of the cored sample. 

In the selection of a total sample, the five (5) fractions were not neces- 
sarily immediately adjacent as retrieved from the core boring. The five frac- 
tions were chosen such as to be representative of an entire strata. In this 
manner, it was possible to account for shale or coal intrusions in sandstone, 
or for shales that were constructed of non-uniform lamination thickness. The 
non-homogenous character of such samples was undoubtedly a factor in the 
non-uniform rate of weight loss as discussed hereinbefore. Figures 3, 4 and 
5 show examples of the action of the magnesium sulfate soundness test on 


varying sample types. 
Field Calibration of Laboratory Results 


Once the modified laboratory procedure was established, it was then pos- 
sible to standardize the results of the test procedure to specific slope design 
by a qualitative evaluation of existing weathered outcrops of rock, It must be 
kept in mind that the end result of these studies was to establish a rapid and 
reasonable method of determining the difference between two degrees of 
weathering susceptibility, above or below average, to assist in the design of 


excavation slopes in rock. Therefore, it was necessary to establish the rela- 
tion between average weathering of an exposed rock surface and the percent- 
age of loss of a rock sample subjected to the established magnesium sulfate 
soundness test. 

This relation, or calibration, was achieved by testing rock core samples 
that corresponded to existing outcrops in close proximity of the turnpike 
alignment, that could be qualitatively evaluated with respect to natural weath- 
ering susceptibility. The weathering susceptibility of any existing rock slope 
was qualitatively established on an arbitrary scale from no weathering at “0” 
to complete disintegration at “10”, with an average condition at “5.” The qual- 
itative range of this scale may be noted on Figure 6. These scales, though 
using the same descriptive and numerical values, were not equal for sand- 
stones and shales. They were comparative only within the ranges for each 
material classification. Thus the average weathering loss for a shale was 
considerably greater than the average weathering loss for a sandstone. In 
other words, if the weathering of existing outcrops were quantitatively meas- 
ured in a weight per unit area per unit time, an average shale would provide 
a greater numerical value than an average sandstone. The apparent inequality 
was appreciated in the beginning and considered when establishing the stand- 
ards of slope design (Figure 1). 

The materials for this calibration were selected by a field investigation, 
independent of the materials used for establishing the test procedure, where- 
by exposed rock slopes that appeared to have approached a stable weathering 
condition were evaluated to the arbitrary qualitative scale by a committee of 
at least two persons, one of whom was a geologist. Only those slopes that 
were relatively uniform in rock character, and that could be sampled in an 
unweathered state by core borings were employed in the study. These 
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samples were then tested for weight loss by the magnesium sulfate method. 

The comparison between the quantitative laboratory results and the quali- 
tative field evaluations for sandstones and shales contiguous to the turnpike 
alignment may be noted on Figure 6. These indicate that a percentage weight 
loss of about 30-35% by the magnesium sulfate test for five (5) cycles cor- 
responds to an average field weathering for a sandstone, and that a percent- 
age weight loss of 40-50% by the magnesium sulfate test for two (2) cycles 
corresponds to an average field weathering for a shale. 


Design Application 


Once these limits had been determined, all rock core samples obtained 
from borings for roadway excavation were visually classified. The various 
geologic series and their subgroups were considered in this classification, by 
use of the excellent county geologic maps available. Then at least one repre- 
sentative sampling of each material or strata to be encountered in excavation 
was tested in accordance with the modified magnesium sulfate soundness test, 
and the results applied to the final design of backslopes for each cut. Where 
initial laboratory results indicated an average material with regard to weath- 
ering classification, additional tests on similar samples were necessary to 
reach the final decision as to design for above average or below average 
weathering susceptibility. 

In many cases, the stratified subsurface conditions necessitated compara- 
tive consideration of material content of the slope before final design could be 
effected. When a predominance of one type of material in an interbedded 
sandstone and shale was disclosed with no particular demarcation of a massive 
strata, the slope was designed in accordance with the predominant material, 
with a weighted average of the weathering classification considered. As an 
example, consider a rock formation of predominantly sandstone with below 
average weathering susceptibility with interbedded shale strata with a below 
average weathering susceptibility. This would then be designed as a sand- 
stone slope with above average weathering susceptibility. 

There were also extreme conditions encountered such as a light brown, 
poorly-cemented, medium-fine grain sandstone that exhibited a loss of weight 
of 27% in two (2) cycles, 95% in four (4) cycles and completely disintegrated in 
five (5) cycles. This sandstone was considered as a soil rather than a rock 
when the excavation backslopes were designed. Elsewhere a material that 
was visually classified as a dark grey, massive, sandy shale or sandy clay 
rock was encountered, that exhibited a loss of only 13% after five (5) cycles 
of the magnesium sulfate test. This massive deposit was considered as a 
poor sandstone rather than a good shale when the backslopes were designed. 


CONCLUSIONS 


It is appreciated that these limited studies were based on the bold assump- 
tion that there is a direct correlation between field weathering action and the 
magnesium sulfate soundness test as performed in the laboratory. There is 
no known data to support this assumption and it is possibly incorrect. As 
such, no specific conclusions may be drawn. However, the character of the 
project demanded applied study, such as described, even though there was a 
deficiency of preceding basic research. The evaluation of methods and results 
was a collective consideration of many participating persons, but the charac- 
ter of the study was such that it was still possibly subject to some degree of 
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personal error. Nevertheless, because the end result of this investigation 
was the determination of the limit between two general conditions, above 
average and below average weathering susceptibility, it is believed that it was 
entirely adequate as a guide in engineering judgment. 
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IN ESTABLISHMENT OF TEST PROCEDURE 


FIGURE 2. RATE OF WEIGHT LOSS FOR COMPARATIVE ACCELERATED WEATHERING 
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FIGURE 3. A 100 gram fraction of a laminated sandstone, before * 
and after subjection to five (5) cycles of magnesium sulfate : 
soundness test. 


FIGURE 4, A 100 gram fraction of a grey, fine grained, hard 
sandstone, before and after subjection to five (5) cycles of 
12 magnesium sulfate soundness test, 
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FIGURE 5. A series of core samples at different stages of 

disintegration after removal from the drying oven. Each row 

consists of the five fractions of a sample that has been dried 

in a separate glass dish. Immersion in the magnesium sulfate ? 
solution is performed in the compartmented wire basket shown. 
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FIGURE 6. ROCK WEATHERING CLASSIFICATION 
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